Geospatial technology is increasingly being used for various applications in environmental management as the need for sustainable development becomes more evident in today's rapidly-developing world. As a decision tool, Geographic Information system (GIS) and Global positioning System (GPS) can support major decisions dealing with natural phenomena distributed in space and time. Such is the case for land use/cover known to impact ecosystems health in very direct ways. Our study examined one such application in managing land use of some sub-watersheds in the eastern Shore of Maryland, USA. We conducted a 20-year historical land use/cover evaluation using Landsat-TM remotely sensed images and GIS analysis and water monitoring data acquired during the period by Maryland Department of Natural Resources, including sewage discharge of some municipalities in the area. The results not only showed general trends in land use patterns, but also detailed dynamics of land use-land cover classes, impact on water quality, as well as other useful information for guiding both terrestrial and aquatic ecosystems management decisions of the sub-watersheds. The use of this technology for evaluating trends in land use/cover on a decade-by-decade basis is recommended as standard practice for managing ecosystem health on a sustainable basis.
Introduction
Information has always been the cornerstone of effective decisions [1] . Consequently, most scientists and environmental managers in the US and many developed countries of the world now fully embrace geospatial technology (Geographic information systems, remote sensing and global positioning system) for the study of the environment, reporting on environmental phenomena, and modeling how the environment is responding to natural and man-made factors. Modeling land use/cover in relation to ecosystems is among such uses. Land use change has been known to be one of the most ubiquitous anthropogenic influences on global ecosystems [2] . Land cover patterns have also changed dramatically during the last century especially in North America with these historic changes leaving persistent legacies; similarly, the amount of land converted to urban and agricultural uses and the spatial arrangement of riparian habitats are useful indicators of the status of riverine ecosystems of the present times [3] . It has been reported that Change occurring on land affects water quality and thus the ecological health of the aquatic ecosystems; and such has been correlated with the degradation of biological, chemical and physical properties of streams within the Chesapeake Bay watershed [4] . The Lower Eastern Shore watershed and Coastal Bays of Maryland-subsets of the Chesapeake Bay watershed, have experienced rapid urbanization in the last decade with the increase in real estate development and roads as obvious indicators. Jantz et al., [5] observed a 61% increase in developed land within the Chesapeake Bay watershed between 1990 and 2000, with most (64%) of the new development occurring on agricultural lands and grasslands, while 33% occurred on forested lands. A decade ago, the US Environmental Protection Agency [6] reported that urbanization was threatening Maryland streams and that if the rate of urban sprawl continued, more streams will likely degrade. In that year, about 16% of Maryland's land area was urban and was expected to grow to 21% in the next 25 years, while only 42% of the state was forested.
A Coastal Change Analysis Program (C-CAP) was initiated by the National Oceanic and Atmospheric Administration (NOAA) for monitoring LULC changes of the coastal regions of the US on a 5-year basis starting from 1996 [7] ; and is still currently investigating techniques for analyzing land cover change data trends. Similarly, the Multi-Resolution Land Characteristics Consortium (MRCL) and the National Land Cover Data (NLCD) also exists for 1973, 1992, and 2001 [8] . However, no published analysis of long term trends in land use/cover exist-particularly in view of the rapidly changing demography as well as the agronomic and poultry industries of the coastal Eastern Shore of Maryland since the 1980's.
The state of US surface water systems has also been receiving major attention due to point and non-point source pollution from anthropogenic sources. For example, a survey of some US surface waters [9] showed that about 44% of the assessed stream miles, 64% of assessed lake acres, and 30% of the assessed bay and estuarine square miles were not clean enough to support uses such as fishing and swimming. The leading causes of impairment-pathogens, mercury, nutrients, and organic enrichment/low dissolved oxygen are from sources such as atmospheric deposition, agriculture, hydrologic modifications, and unknown or unspecified sources. Although the Clean Water Act (CWA) was intended to restore and maintain the chemical, physical, and biological integrity of the nation's surface waters [10] , this goal has thus continued to pose a major challenge for water quality compliance, particularly due to contribution for nonpoint sources.
Significant relationships between land use-land cover (LULC) and water quality have been well documented over the years [11] [12] [13] [14] [15] [16] [17] [18] . Agriculture, urban activity and industrialization are major sources of non-point pollution that contribute significant amounts of Phosphorus (P) and Nitrogen (N) to surface waters in the United States [19] . Urbanization has also been identified as a major threat to Maryland streams [6] , and that a continuation of this trend could bring more streams into degraded status. This report classified 46% of all streams in Maryland in poor biological health conditions. It has been predicted that non-point source pollution will increase in the future if current land use-land cover practices continue [19] . It has been reported [17] that the extent of urban lands and its proximity to streams was the most important factor in predicting N and P concentrations in stream water. Also, lakes with highly forested catchments had lower levels of lead and chlorine and were less prone to eutrophication than lakes in non-forested catchments [20] . Urbanization and population growth usually lead to increased volume of wastewater, requiring treatment before discharge into surface waters; this invariably results in higher volumes of sewage effluents (usually containing high P and N) and thus increased point source pollution. The most deleterious effects of sewage discharge into coastal environment are eutrophication [21] . Sewage effluent discharged into surface water can also result in significant effects on marine biota [22] , leading to changes in abundance, biomass and diversity of the organisms. While several studies exist for relating cause-and-effect of point and non-point pollution on water quality, studies that incorporate long-term trends are few. Such studies could provide better and more holistic insight into factors influencing surface water quality; and could potentially provide more precise and useful information for decisions on land use and water system management at the watershed and landscape levels.
The objectives of this study therefore were to 1) apply geospatial techniques for evaluating the historical Land use-land cover (LULC) trends in the lower Eastern Shore watersheds of Maryland over a 20 year period; and 2) evaluate the influence of historical land use-land cover changes and sewage loading on surface water quality of some lower Eastern shore watersheds.
Study Area
This study was conducted in the lower Eastern Shore watershed and coastal bays of Maryland situated between longitudes 74˚59'15.2''W and 76˚17'5.6''W and latitudes 37˚54'12.4''N and 38˚53'10.7''N. It is located between the Atlantic Ocean and the Chesapeake Bay and drains approximately 5596.69 km 2 in Wicomico, Somerset and Worcester counties; and some portions of Caroline and Dorchester counties.
Major land use in the area includes cropland, forestry, pasture and urban; and water bodies include estuary, river/stream and wetlands. The area which is less than 100 feet above sea level includes a total of 23 sub watersheds [23] (see Figure 1) . The major economic activities in the lower eastern shore are poultry production and grain farming-corn, soybeans and barley, including other important economic activities such as fishery and tourism.
Data and Methods
To capture historical land use/cover changes, remotely sensed satellite data were sourced from the United States Geological Survey's Center for Earth Resources Observation Sciences (USGS-EROS). To this end, Landsat-TM satellite data of Maryland (Path 14, rows 33 and 34) for 1986 (May 6), 1996 (May 1) and 2006 (April 27) were obtained in GeoTiff format. These images were of 10 days temporal variability due to cloud cover and were systematically corrected; the data were of very high acquisition quality and had been geo-referenced and atmospherically corrected. T e reflective bands 1 -5 and h 7 were of pixel size of 30 m, while the thermal band 6 was 60 m. All maps were projected using NAD83 UTM Zone 18. Historical water quality data of the lower Eastern Shore watersheds monitored by Maryland's Department of Natural Resources (MD-DNR) was acquired from the US Environmental Protection Agency Chesapeake Bay Program [24] . The scope was limited to assessment of physical and chemical water quality parameters such as Total phosphorus (TP), Total nitrogen (TN), total suspended solids (TSS), chlorophyll-a (CHLA), Secchi disc depth (SECCI), dissolved oxygen (DO), pH (PH), specific conductivity (SPCOND), salinity (SAL) and water temperature (WTEMP). Water quality data were pre-processed by taking the means for each month. Representative months for each season were taken to avoid bias from missing data. In this regard, the month of January was taken to represent winter, April to represent spring and July and November to represent summer and fall respectively. Only sites with continuous water quality monitoring data for 1986-2006 were included in the analyses. In order to validate the water quality data, water samples were randomly collected from GPS-guided sampling sites in July, 2006 and analyzed both in-situ and in the laboratory using the same standard procedures for the historic data. Because no significant differences existed, they were excluded from the final analysis. Similarly, the historical water quality data for the coastal bays were rather sporadic and thus was excluded from the final analysis.
LULC classification for the study area was done in Environment for Visualizing Images (ENVI 4.5) acquired from ITT Visual Information Solutions [25] . Bands 7, 4 and 2 were selected for supervised classification using Mahalanobis distance method after several trials. The reference group or regions of interest selection was guided by aerial photos, Google Earth and groundtruthing and personal knowledge of the study area. LULC classification system of Anderson et al., [26] was used for classification. It classifies land use-land cover into nine major categories: Urban or built up land, Crop/ Agricultural Land, Rangeland, Forest Land, Water, Wetland, Barren Land, Tundra, Perennial Snow or Ice at the level 1. However, rangeland, tundra and perennial snow land cover types are absent in the study location and were eliminated from the classification scheme. The classified images were exported into a GIS Environment ArcGIS 9. The Kruskal-Wallis one-way non-parametric analysis of variance test and the post hoc paired was employed to evaluate the how significant the land use/cover changed between each time intervals for the same area. Figure 2 shows the general trends in extent of the major land use/cover in two decades. Whereas there were increasing trend with respect to the extent of urban lands, forest lands and surface water cover, barren lands, wetlands and croplands deceased during the 20-year study period.
Results and Discussions

Land Use-Land Cover Dynamics
The land use/cover of the study site in 1986, 2006 and the aggregate change during the period are shown in Figures 3(a) -(c) respectively; the latter was derived from map algebra techniques in Arc-GIS. During this period, forestlands and area covered by water increased by 8.5% and 10% respectively, while urban land increase by 121.8%. However, there was a net loss of agricultural lands (19.6%), wetlands (21.3%) and barren lands (51.3%) within the same period.
All the sub watersheds in the study area experienced an increase in urban land use between 1986 and 2006 (Table 1) except the narrow coastal bays bordering the Atlantic Ocean and consisting of basically water (99.6%) and beaches (0.2%). The largest net gain in urban land occurred in the Lower Wicomico sub-watershed. Urban land increased by 18.26 km 2 in the Lower Wicomico River sub watershed during the study period (11.37%). ), Upper Pocomoke River (11 km 2 ), Marshyhope Creek (10.2 km 2 ) and Lower Pocomoke River (10.5 km 2 ) sub watersheds. This trend is not unexpected considering the fact that residential developments and commercial growth attendant to increasing world population growth are not only occurring in urban centers but also in previously small towns and lands previously used for agricultural purposes [28] . About 33% (75.17 km 2 ) of urban land growth occurred on forested lands and the most significant loss to urbanization also occurred in the Lower Wicomico (8. At an average annual growth rate of 0.98%, the projected population for 2030 was 249,700 and will be double the population in 1970 [29] . Therefore, the gains in urban land can be attributed to the changes in the demography of the major cities/ towns in the sub watersheds. For example, Salisbury, in the Lower Wicomico River sub watershed has been experiencing a rapid growth in housing development due to increase in population from approximately 16,850 in 1986 to 27,172 in 2006-a 61% increase (Maryland Department of Planning, 2006). Such growth in urban lands create impervious surfaces and thus reduce infiltration, and increase nutrient, sediment and other pollutant loadings into the aquatic ecosystems which lowers quality of the surface waters [30] [31] [32] Although forested lands increased in most sub-watersheds, Marshyhope Creek actually experienced a net loss of 8. This result is corroborated by the NOAA land useland cover data which also showed an increase in forested lands for the Lower Eastern Shore between 1996 and 2005 [7] . Increase in forested land in the Lower Eastern Shore can be attributed to natural forest regrowth and Maryland Forest Conservation Act enacted in 1991. This Act stipulates that, "gaining approval of the required Forest Conservation Plan (development of more than one acre) may require long term protection of included priority areas or planting/replanting (afforestation or reforestation) a sensitive area off-site" [34] . The largest net gain in forest land (21. were also inundated by water during the study period, while 9.6 km 2 of agricultural lands also became inundated with water. About 6.6 km 2 of urban lands similarly became inundated by water while a total change from barren land to water in the lower Eastern Shore was 1.63 km 2 during the study period. The increase in water cover in the Lower Eastern Shore of Maryland is due in part to sealevel rise-perhaps a global warming effect on the estuarine tributaries of the Chesapeake Bay which empties into the Atlantic Ocean. This rise is indicated by the decrease in the extent of wetlands and salt marshes (by 22%) through submergence, and barren land (which decreased by 2%) during the study period. Hilbert [35] reported a similar trend in the Grand Bay National Estuarine Research Reserve area of Mississippi in the Northern coast of Gulf of Mexico from 1974 to 2001.
Loss of wetlands was observed in 17 out of the 23 sub watersheds in the study area ( Table 3 which also showed loss of wetlands for the lower Eastern Shore between 1996 and 2005 [7] . The vital ecological functions of wetlands-such as water quality improvement/preservation, fish and wildlife habitats, reduction of flood damage, shoreline erosion protection etc., make their decline of great ecological concern. The Congaree Bottomland Hardwood Swamp in South Carolina was estimated to remove pollutants equivalent to that removed annually by a $5 million waste water treatment plant [18] . The decreasing extent of wetlands in the lower Eastern Shore has the potential to compromise several ecological services. Our results also indicate that during the study period, 154.61 km 2 of wetlands became covered by water. Most of this wetland inundation by water (55.77 km 2 representing 41%) occurred in Fishing Bay where the largest net loss of 53.16 km 2 (35%) of wetlands occurred. Nutria (Myocastor coypus) has been a primary force in accelerating wetland loss in the Black Water basin-where Fishing Bay is located-as well as other sub watersheds in Maryland. Nutria feed on marsh vegetation, expose the mud and thereby predispose marshes to erosion. Consequently, the marsh surface sinks and the vegetation is lost to flooding. Large area of marsh lands in the Black Water National Wildlife Refuge (BNWR) within the same watershed have been reported lost to Nutria [36] . Although, this destructive rodent has been eradicated from BNWR [37] , 53% of the remaining marshes in BNWR is considered unhealthy and is likely to be lost in the future [35] .
It is obvious therefore that the activities of these nonnative rodent species on the wetlands may have contributed in part to the decreasing wetlands and increasing extent of water cover in the lower eastern shore of Maryland. Reciprocally, only 31 2 in Isle of Wight Bay. This may be due to the rising sea level-a trend which has also been reported by Hilbert [34] some location variations were observed e.g., the Lower Pocomoke River and the Nanticoke River recorded the highest mean TP of 0.121 ± 0.100 mg/l and 0.083 ± 0.05 mg/l respectively. These surface waters are within watersheds made up of 24.5% and 27% agricultural lands respectively; consequently the crop fields may have been contributing substantially to the phosphorus loading of the water systems-particularly where conventional cropping methods involving inorganic fertilizers or poultry manure are used, coupled with sewage discharge to Nanticoke River and Lower Pocomoke River from Sharptown and Snowhill wastewater treatment plants. Lower
Land Use and Water Quality and Nutrient Loading
A stepwise regression analysis of the land use and water quality/nutrient variables and the resulting correlation matrix is shown in Table 5 . A significantly positive correlations was observed between forest land cover and agricultural land use (r 2 = 0.95); urban land use and forest land cover (r 2 = 0.72); Total N and Total P levels (r 2 = 0.68). However, significantly negative correlation was observed between Secchi depth (SECCHI) and Total P; as well as the latter and total suspended solids (TSS). No significant correlations were observed between the other combinations of variables evaluated. Land use-land cover, wastewater treatment plants sewage load, water quality and climatic data were combined and used to develop regression models. However, none was possible for Total N-obviously because of the ubiquitous nature of N in the environment.
We observed a significant (p < 0.05) decrease in Total Phosphorus (TP) concentration for the water systems during the period investigated (Figure 6 ) ranged from to 0.093 mg/l in 1986 to 0.044 mg/l in 2006. However, Urban lands increased at the expense of agricultural lands and barren lands which decreased by 9.7% and 10.2% respectively from 1986-2006. Increasing urban lands increases the extent of impervious surfaces from buildings, roads and runoff that are known to accelerate nutrients, sediments and chemical loadings into the aquatic systems [30, 31] . However, an analysis of the water quality monitoring data from several stations in the stream networks did not adequately support this trend as the total phosphorus decreased generally during the same period.
On the other hand, decrease in agricultural lands and phosphorus input through point sources (Waste Treatment plants) during the same period may have influenced the general trends observed-perhaps as a result of better compliance to the National Pollutant Discharge Elimination System (NPDES) rules (for point source) in the last two decades; or more efficient use of fertilizers and soil conditioners (from non-point source).
Total Nitrogen (TN) levels varied within a narrow range during the 20-year study period, (1.00 -1.71 mg/l). In general, no discernible trends were observed for Nitrogen levels in the surface waters as can be seen in Figure 7 . On the other hand, point source discharge of nitrogen from the waste treatment plant increased significantly during the period (Figure 8) . The increase is due to the steady growth in population and thus more waste being produced and processed by the various treatment plants in the area. For specific sampling sites however, some differences were observed. For example, Nanticoke River and the Lower Pocomoke River sub-watersheds had the highest TN with mean N of 3.218 ± 1.2 mg/l and 1.912 ± 0.7 mg/l respectively. TN increased significantly (p < 0.05) at the Nanticoke River, while a decrease was observed at the Lower Pocomoke River. Agricultural land decreased by 6% in Nanticoke River and decreased by 2% in Lower Pocomoke River sub watershed, but there was a substantial increase in croplands (24.5% and 27.0% respectively) in 2006.
Increased nutrient availability in surface water systems due to anthropogenic causes could lead to eutrophication and increase in chlorophyll-a levels in coastal waters resulting from increased phytoplankton biomass. Chlorophyll-a level provides a useful proxy indicator of the amount of nutrients incorporated into phytoplankton biomass.
Dissolved Oxygen (DO) affects aquatic life [22] . In this study, DO levels showed a significant decrease from 1986-2006 in general (Figure 9) . However, there were site variations such as the Lower Wicomico River watershed where increases in urban population resulted in increased nutrient loading rates from Salisbury, Fruitland and Delmar wastewater treatment plants that empty into the Wicomico River and thus low DO levels during the period into the water system. On the other hand, the Annemessex River, Fishing bay and Monie bay had relatively higher DO due to fewer wastewater discharge into their surface water systems. The mean annual TP dis-charged into surface water was highest (44379.4 kg/year) at the Salisbury WWTP; however there was a decrease in the rate of TP discharged into the Wicomico River (475 kg/year) from Salisbury WWTP during the study period. TP decreased from an average of 19,727 kg/year in 1986 to 8835 kg/year in 1992 and remained stable from 1993 to 2006. Other WWTP with significant (p < 0.05, n = 20) decreasing TP load rates are Crisfield, Delmar, Princess Anne and Federalsburg. TP loading rates have however been increasing significant (p < 0.05) at Hurlock (197 kg/year).
Conclusions
Urban land increased followed by surface water and forest lands in the Lower Eastern Shore watersheds from 1986-2006. However, there were net losses of crop/agricultural lands, wetlands and barren lands during the two decades of this study. Most of the urban land gain occurred on crop/agricultural land while a third occurred on forested land. The largest gains in urban land as well as loss of crop/agricultural, forest and barren lands occurred in Lower Wicomico River sub-watershed. Net area covered by water increased by 135.9 km 2 from 1986-2006 for all sub watersheds and 154.61 km 2 of wetlands was inundated or covered by water. Most of such coverage (41%) occurred in Fishing Bay, in Dorchester County, and was attributed to the rising sea level as these tributaries of the Chesapeake Bay empties into the Atlantic Ocean. 17 out of 23 sub watersheds in the lower Eastern Shore experienced decreased wetlands areas from 1986-2006. The net area of wetlands lost was 150 km 2 especially in Fishing Bay (35%) and threatens the Blackwater National Wildlife Refuge (BNWR) located there. This signals change in the coastal ecology attributable in part to global climate change and the consequent sea level rise as well as wetland subsidence due to the destructive feeding activities of Myocastor coypu (Nutria)-a nonnative rodent species which feeds on marsh vegetation. Declining wetlands have serious ecological implications with respect to the various ecological services it provides: notably habitat loss for shellfish and waterfowls, flood buffer and wastes filter. It is also envisaged that the change in salinity of the brackish water would have major implications on the biota and could affect the biodiversity of the wetlands and surface water alike. Excessive concentration of P is the most common cause of eutrophication in freshwater lakes, reservoirs, streams and in headwaters of estuarine systems [37] . However, in this study, both Nitrogen and Phosphorus did not show a similar trend-despite the enormous nutrient loading from the wastewater treatment plants in the sub-watersheds. Whereas Phosphorus trend for the study location showed a decrease during the period, the trend was mostly attributable to the declining crop/agricultural land use-rather than the decrease in P loading from wastewater treatment plants. Obviously, the increase in urban land use and the resultant increase in impervious surface area and runoff may have contributed other pollutants rather than P. Although there were no discernible trends in TN in general, the Lower Wicomico River which receives very heavy N load annually from three wastewater treatment plants (Delmar, Fruitland and Salisbury) showed a generally increasing trend-albeit local. This result is supported by a Hawaiian coastal waters study [21] where the discharge of effluent from two wastewater treatment plants did not significantly impact water quality parameters outside the zone of initial dilution. The Lower Wicomico River also received the highest Phosphorus load-though with a declining trend like other; this may probably reflect more compliance to National Pollutant Discharge Elimination System (NPDES) rules over the years. This site is apparently being impacted by both urban land use and waste treatment plant discharge resulting from the growing human population (particularly, Salisbury) in the watershed. There was also a general decrease in the dissolved oxygen levels in the surface waters during the period due to increasing Nitrogen load from several wastewater treatment plants in the area with implications for eutrophication.
The geospatial technology employed in this work has demonstrated the versatility of GIS/Remote sensing for quantifying past changes in land use/cover with respect to identifying precisely where changes occurred (Change detections) in the use of the lands that can guide urban and regional planners. Furthermore, these techniques have revealed the gradual effect of the climate change in the rising sea-level. However, it is suggested that a comprehensive historical land use/land cover be done every decade in order to detect significant changes as was observed in this study. Furthermore, developing nations are encouraged to take advantage of the remotely sensed Landsat data-which exist for the entire world for analyzing past and present trends in land use and cover for improving environmental and urban planning in general.
